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 
Abstract—This paper presents a voltage-controlled tunable 
attenuator based on few layer graphene flakes. The proposed 
structure exploits the variation of graphene resistance with an 
applied bias voltage. The attenuator consists of a microstrip line, 
connected to grounded metal vias through graphene pads: when 
no bias voltage is applied, the resistance of graphene is high and 
the pads behave as open circuits, causing minimum attenuation. 
By increasing the bias voltage, the resistance of the graphene 
pads decreases, connecting the metal vias to the microstrip, thus 
increasing the attenuation. A prototype operating in the 
frequency band from DC to 5 GHz has been designed and tested. 
The measured attenuation ranges from 0.3 dB to 15 dB at 3 GHz, 
with a bias voltage ranging from 0 (minimum attenuation) to 
6.5 V (maximum attenuation). 
Index Terms— Graphene, microstrip lines, tunable microwave 
devices, voltage-controlled attenuator.  
I. INTRODUCTION 
HE USE OF GRAPHENE for microwave applications has been 
gaining wide interest in the past few years, thanks to its 
unique properties [1,2]. One of the most interesting features of 
graphene at microwave frequencies is the possibility to 
electronically modify its resistivity, which can vary over a 
large range of values [2].  
Besides the single-layer graphene, the use of few layer 
graphene (FLG) appears particularly interesting, as it 
combines tunability features [3] with a much easier 
manufacturing process [4].  
The tunability of FLG resistivity can be exploited in the 
implementation of wideband microwave attenuators, as 
proposed in [4]. The attenuator presented in [4] consists of a 
microstrip line with a gap, where a graphene pad is located: 
this corresponds to a variable resistor in series with the 
transmission line. Due to the achievable range of variation of 
the FLG resistivity, the attenuator in [4] exhibits an insertion 
loss ranging from 5 dB to 10 dB.  
 
Manuscript received June 15, 2016; revised Oct. 21, 2016, accepted Jan. 9, 
2017. This research was partially supported by the FET Flagships Project 
FP7-604391-GRAPHENE: “Graphene-Based Revolutions in ICT and 
Beyond”, Graphene Flagship GrapheneCore1 - AMD-696656-4. 
M. Yasir, M. Bozzi, and L. Perregrini are with the Dept. of Electrical, 
Computer and Biomedical Engineering, University of Pavia, Pavia, Italy  
(e-mail: muhammad.yasir01@universitadipavia.it, maurizio.bozzi@unipv.it, 
luca.perregrini@unipv.it).  
S. Bistarelli, A. Cataldo, and S. Bellucci are with the National Institute of 
Nuclear Physics, Frascati National Laboratories, Frascati, 00044, Italy  
(e-mail: silvia.bistarelli@lnf.infn.it, antonino.cataldo@lnf.infn.it, 
stefano.bellucci@lnf.infn.it). 
 
 Fig 1. Geometry of the graphene-based tunable microstrip attenuator. 
 
This paper proposes a novel attenuator topology to extend 
the range of tunability of the attenuator and to reduce the 
minimum value of insertion loss. In the proposed attenuator, 
the graphene pads are located between the microstrip line and 
a pair of grounded metal vias (Fig. 1). At zero bias voltage 
across graphene, the pads exhibit high resistance and behave 
almost as open circuits, thus ensuring an almost complete 
transmission of the signal from port 1 to port 2. Increasing the 
bias voltage across graphene reduces its resistance, hence 
allowing more current to pass through it. This, in turn, 
attenuates the signal traveling through the microstrip line.  
The design and fabrication of a tunable microstrip attenuator, 
based on FLG and operating in the frequency range from DC 
to 5 GHz, is presented in this paper, along with experimental 
results. 
II. DESIGN OF THE TUNABLE ATTENUATOR 
The proposed topology of the graphene-based tunable 
microstrip attenuator is shown in Fig. 1. The mirrored 
configuration and proposed size of the graphene patch ensures 
higher and more stable attenuation in the frequency band of 
operation.  
The circuit was designed on CER-10 Taconic dielectric 
substrate with thickness h = 1.27 mm, dielectric permittivity 
r = 10, and loss tangent tan δ = 0.0035. The microstrip line 
width was set to 1.17 mm in order to get a 50-Ω line. The 
graphene pad has a length 1.40 mm and a width 0.66 mm, the 
metal via has a radius of 0.4 mm and the square metal patch 
on top of the via has a side of 1.4 mm. 
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Fig. 2. Simulated scattering parameters of the attenuator for various values of 
the graphene resistance. 
 
The structure has been simulated in the frequency range from 
0.01 GHz to 5 GHz using a commercial FEM solver, where 
the graphene pad is modeled as an infinitely thin resistive 
patch. The simulations were performed for a range of different 
values of resistivity, from 40 /☐ to 1500 /☐, according to 
the results in [4]. As expected, by decreasing the graphene 
resistivity, a higher value of insertion loss is achieved, as 
shown in Fig. 2: according to simulations, the minimum 
insertion loss is below 1 dB with a resistivity of 1500 /☐, 
whereas the maximum insertion loss is larger than 12 dB, 
obtained with a resistivity of 40 /☐. 
III. PROTOTYPE AND EXPERIMENTAL VALIDATION 
A prototype of the tunable microstrip attenuator was 
fabricated in order to verify its electromagnetic performance 
(inset of Fig. 3). The microstrip line and the vias were 
fabricated by using an LPKF micro-milling machine, and the 
vias were metalized by adopting conductive paste. The FLG 
was obtained by microwave exfoliation method [4]-[7].  
The prototype was then tested using an Anritsu test fixture 
as shown in the Fig. 3. Commercial bias tees were used to bias 
the graphene pads. The bias voltage was applied between the 
microstrip line and the ground plane, since the graphene pads 
are grounded on one side through the vias. 
In order to evaluate the resistance of the graphene for a 
given bias voltage Vbias, the current Idc flowing through it was 
 
 Fig. 3 Photograph of the measurement setup with the tunable microstrip 
attenuator (close-up of the prototype in the top right corner). 
 
Fig. 4. Measured graphene resistance versus bias voltage. 
 
 
measured using a DC multimeter. The resistance R of the 
graphene pad can be computed from the value of the applied 
bias voltage and the current flowing through it (R=Vbias/Idc). A 
plot of the graphene resistance versus the applied bias voltage 
is shown in Fig. 4. Increasing the bias voltage reduces the 
resistance of the graphene pad. The value of graphene 
resistance varies from 1525  (with zero bias) to 27  (with a 
bias voltage of 6.5 V). Exceeding the value of 6.5 V causes the 
breakdown of the circuit.  
Simultaneously, the RF measurements were carried out in 
the frequency band from DC to 5 GHz by using a vector net-
work analyzer for various values of bias voltage. To remove 
the effects of the bias-tees, the network analyzer was calibrat-
ed at the connectors of the test fixture (Fig. 3). Fig. 5 shows 
the insertion loss of the RF signal (traveling along the mi-
crostrip line from port 1 to port 2) at the frequency of 3 GHz 
versus the bias voltage. Individual contributions of dissipation 
and reflection to the attenuation are identified. As expected, 
the insertion loss increases with the bias voltage, from a 
minimum of 0.3 dB with zero bias to a maximum of 15 dB 
with a bias voltage of 6.5 V.  
In order to compare simulation and measurement results, the 
relation between graphene resistance and bias voltage shown 
in the inset of Fig. 4 needs to be exploited. In this way, a plot 
of the measured insertion loss versus the graphene resistance 
is obtained and shown in Fig. 6, along with simulation results 
for the corresponding values of resistance.  
Finally, Fig. 7 shows the performance of the tunable 
attenuator over the entire frequency band from DC to 5 GHz. 
In particular, Fig. 7a shows the measured results versus 
frequency, for different values of bias voltage, and Fig. 7b 
reports the simulation data computed for the resistance values 
corresponding to the set of voltages used in the measurements. 
It can be observed that the structure exhibits a stable wideband 
attenuation.  
Table I shows a performance comparison of the tunable 
attenuator proposed in this work with structures presented in 
the literature. It can be noted that the proposed solution is 
outstanding in terms of tunability dynamics and exhibits a 
very limited minimum insertion loss (IL).  
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Fig. 5. Measurement of the insertion loss vs. bias voltage at the frequency of 
3 GHz.  
 
 
Fig. 6. Comparison of simulated and measured insertion loss vs. graphene 
resistance at the frequency of 3 GHz. 
 
IV. CONCLUSION 
This paper presented an improved tunable microstrip 
attenuator based on few layer graphene flakes. The attenuator 
consists of a microstrip line and two grounded vias separated 
by a gap, where the graphene pads are located. An external 
bias voltage allows tuning the graphene resistance, in order to 
modify the insertion loss of the microstrip device from a 
minimum value of 0.3 dB to a maximum value of 15 dB at the 
frequency of 3 GHz. The attenuator exhibits quite uniform 
performance over the frequency band from DC to 5 GHz. 
Compared with the solution in [4], the proposed structure 
significantly extends the tunability dynamics and drastically 
reduces the minimum insertion loss. 
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Fig. 7. Insertion loss vs. frequency: (a) measured results for different values of 
bias voltage; (b) simulation results for different values of graphene resistance 
(corresponding to the values of bias voltage adopted in the measurement).   
 
REFERENCES 
[1] M. Dragoman et al., “Graphene for Microwave,” IEEE 
Microwave Magazine, pp. 81-86, Dec. 2010. 
[2] M. Bozzi, L. Pierantoni, and S. Bellucci, "Applications of 
Graphene at Microwave Frequencies," Radioengineering, 
Vol. 24, No. 3, pp. 661-669, Sept. 2015 
[3] R. Quhe et al., “Tunable band gap in few-layer graphene by 
surface adsorption,” Scientific Reports, Vol. 3, No. 1794, 
May 2013. 
[4] L. Pierantoni, D. Mencarelli, M. Bozzi, R. Moro, S. Moscato, L. 
Perregrini, F. Micciulla, A. Cataldo, S. Bellucci, “Broadband 
Microwave Attenuator Based on Few Layer Graphene Flakes,” 
IEEE Transactions on Microwave Theory and Techniques, 
Vol. 63, No. 8, pp. 2491-2497, Aug. 2015. 
[5] A. Dabrowska, S. Bellucci, A. Cataldo, F. Micciulla, 
A. Huczko, “Nanocomposites of epoxy resin with graphene 
nanoplates and exfoliated graphite: Synthesis and electrical 
properties,” Physica Status Solidi (b), Vol. 251, pp. 2599-2602, 
2014. 
[6] A. Maffucci, F. Micciulla, A. Cataldo, G. Miano, S. Bellucci, 
“Synthesis and electrical characterization of Graphene 
Nanoplatelets,” 2015 Intern. Conf. on Electromagnetics in 
Advanced Applications (ICEAA), pp. 301-304, 2015. 
[7] A. Maffucci, F. Micciulla, A. Cataldo, G. Miano, S. Bellucci, 
“Bottom-up realization and electrical characterization of a 
graphene-based device,” Nanotechnology, Vol. 27, 095204, 
2016. 
 
 
